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Data availability summary and statistics for sites with continuously measured discharge along the Virgin River in Utah, Nevada, and Arizona. . 1. Water-quality data downloaded from the National Water Information System database 2. Water-quality data downloaded from the Water Quality Portal A3. U.S. Geological Survey continuous water-quality data (Microsoft .xlsx format)
1. Continuous water-quality data for USGS station ID 09406000 Virgin River at Virgin, UT 2. Continuous water-quality data for USGS station ID 09406100 Virgin River Above La Verkin Creek Near La Verkin, UT 3. Continuous water-quality data for USGS station ID 09407810 Virgin River below Ash Creek Near La Verkin, UT Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
Conversion Factors and Water-Quality Units
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).
Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).
Introduction
The Virgin River is home to six native fish species. Two of these species, the woundfin (Plagopterus argentissimus) and the Virgin River chub (Gila seminuda), are federally listed as endangered species. The Virgin spinedace (Lepidomeda mollispinis), while not federally listed, was proposed for listing as an endangered species in 1994. The other native fish species in the Virgin River include the speckled dace (Rhinichthys ocsulus), the desert sucker (Catostomus clarki), and the flannelmouth sucker (Catostomus latipinnis). The abundance and distribution of these fish in the Virgin River has been studied extensively. As with all organisms, the ability of the native fish of the Virgin River to survive in a given area is dependent on the physical, chemical, and biological conditions in the river. Specifically, each species can only survive in a specific range of habitat (e.g. discharge, temperature, dissolved solids, and dissolved oxygen) conditions. Although many studies have quantified the abundance, distribution, and habitat requirements of native fish species in the Virgin River, the direct links between changing water quantity/quality conditions and native fish survival in the Virgin River are less clear. One source of water that influences the habitat conditions that the native fish species of the Virgin River depend on is Pah Tempe Springs, which discharge hot, saline, low dissolved-oxygen water to the Virgin River. Pah Tempe Springs discharge approximately 95,000 tons of dissolved solids annually to the Virgin River (Gerner, 2008) that are transported downstream and eventually discharged into the Colorado River. These dissolved salts negatively influence the suitability of this water for downstream agricultural, municipal, and industrial use. Recent studies by the U.S. Geological Survey (USGS) have estimated that removal of the dissolved solids discharged from Pah Tempe Springs would initially decrease the dissolved-solids load in the Virgin River at Littlefield, Arizona by 66,700 to 70,300 tons per year (tons/yr). In turn, the amount of salt moving into the Littlefield Springs system as a result of seepage from the Virgin River would be reduced, and the dissolved-solids load to the Virgin River at Littlefield, Arizona is predicted to decrease by an additional 20,600 to 24,200 tons/yr within 27 years (estimated lag time from river seepage) of mitigation (Gerner and Thiros, 2014) .
On the basis of these estimated salinity load reductions, the Bureau of Reclamation Colorado River Basin Salinity Control Program (Program) has recommended assessing the feasibility and impacts of Pah Tempe Springs load removal, including the effects of mitigation on downstream Virgin River discharge, chemistry, and ecology. Specifically, managers would like to be able to answer the overarching question, "How will various remediation scenarios to reduce the load of dissolved solids from Pah Tempe Springs into the Virgin River influence the abundance, distribution, and survival of native fish?" The ability to quantitatively predict how future changes in water quantity and quality conditions in the Virgin River will influence native fish abundance, distribution, and survival would be an asset to Program managers charged with assessing the feasibility of mitigating the salinity load of Pah Tempe Springs and the effects of mitigation on the ecology of the Virgin River. A baseline set of discharge, water quality, and native fish abundance data are required to provide a foundation from which future models or assessments can be developed to quantitatively address the aforementioned overarching question.
Purpose and Scope
As a necessary first step towards quantifying the impacts of potential Pah Tempe Springs remediation scenarios on native fish, we have produced organized accessible discharge, water quality, and native fish data sets as eight separate appendixes. This report documents the compilation of data describing water quantity and quality characteristics that are anticipated to change in the Virgin River as a result of Pah Tempe Springs remediation scenarios, and that are known to influence native fish survival (i.e. discharge, temperature, dissolved oxygen, and total dissolved solids). Existing data on the abundance and distribution of native fish in the river are also documented. This work builds upon extensive work that has already been completed on native fish abundance and distribution, and (or) water-quality conditions as part of the Virgin River Resource Management and Recovery Program (http://www.virginriverprogram.org), and reported in publications by Utah State University (USU; Hardy and others, 2003) , the Utah Department of Natural Resources (UTDNR; Fridell and Morvilius, 2005; Bennion and Fridell, 2006) , and the U.S. Fish and Wildlife Service (USFWS; U.S. Fish and Wildlife Service, 1994) . These previous water quality and (or) native fish studies in the Virgin River have not systematically compiled water quality and native fish abundance data that can be used to assess the impacts of Pah Tempe Springs remediation on native fish. This scope of work is unique in that it does systematically compile, and document the compilation of, fish abundance and distribution data using a pre-selected set of water-quality variables that are expected to change as a function of remediation and are known to influence native fish abundance, distribution, and survival. In addition to compiling, and documenting the compilation of, existing data, potential data analysis approaches that could be employed using the compiled data to quantitatively identify relations between chemical and physical conditions, and fish abundance and distribution in the Virgin River -a necessary step prior to quantifying the impacts of remediation scenarios on native fish -are discussed. Although this compilation does not include all discharge, water quality, or fish data previously collected for the Virgin River, it does provide an organized baseline set of data.
Data Compilation Discharge
Discharge data were acquired from 21 sites on the Virgin River. Complete discharge records are presented in appendix 1, and the period of record for which data are available at these sites is summarized in table 1. Standard USGS methods were used to produce the discharge records (Rantz, 1982) , and daily mean stream discharge data for each site were acquired from the USGS National Water Information System (NWIS) database (http://water.data.usgs.gov/nwis, accessed December, 2012). These 21 streamflow gaging stations are the only sites the USGS has operated, or currently operates on the Virgin River that provide a continuous record of discharge. Thirteen of the 21 sites currently (2012) have active streamflow gages. Point measurements of discharge not associated with a gaging station are not reported here. The average discharge record length is 30 years and varies from 273 days at the Virgin River Below Ash Creek Near LaVerkin, UT gage to 104 years at the Virgin River at Virgin, UT gage (table 1) . Average daily mean discharge ranges from 5 ft 3 /s at the North Fork Virgin River Near Glendale, UT gage to 342 ft 
Water Quality
Water-quality data were acquired from 87 sites on the Virgin River upstream of Lake Mead. Complete water-quality data sets are presented in appendix 2, and the period of record and number of samples collected at each site are summarized in table 2. Water-quality data compiled here are limited to constituents that are expected to change in response to remediation of Pah Tempe Springs and that are known to influence native fish abundance, distribution, and survival. These constituents include stream temperature, dissolved-oxygen concentration, and dissolved-solids concentration. Water-quality data were generated from samples collected by the following six agencies: the Arizona Department of Environmental Quality (AZDEQ), the Utah Department of Environmental Quality (UTDEQ), USU, the U.S. Environmental Protection Agency (EPA), the National Park Service (NPS), and the USGS. Discrete water-quality data generated from samples collected by the USGS were acquired from the NWIS database (accessed December 2012 at http://nwis.waterdata.usgs.gov/nwis), and data generated from samples collected by the AZDEQ, UTDEQ, EPA, and the NPS were acquired from the Water Quality Portal (WQP, http://www.waterqualitydata.us/, accessed December 2012). Water samples collected by the USGS were collected using standard USGS methods (U.S. Geological Survey, variously dated), and were analyzed at the USGS National Water Quality Laboratory (NWQL), in Denver, Colorado. Water samples collected by non-USGS entities were collected and analyzed according to organization-specific protocols. The average water-quality record length is 9.5 years, and varies from 1 day at a number of sites to 63 years at the Virgin River at Littlefield, AZ site (table 2) . Forty eight of the 87 sites have fewer than 10 data points for each water-quality constituent, and only 5 sites have more than 100 data points for each water-quality constituent. The site with the most waterquality data is the same site that has the longest water-quality period of record, the Virgin River at Littlefield, AZ.
Of the 54 water-quality sites sampled by the USGS, continuous measurements of stream temperature, dissolved oxygen, and specific conductance (a proxy for dissolved-solids concentration) are available for 7 sites. Complete continuous water-quality data sets are presented in appendix 3, and the period of record for which data are available at these sites is summarized in table 3. Two of these sites, the Virgin River at Virgin, UT, and the Virgin River Above La Verkin Creek Near La Verkin, UT, have continuous data collected at 15-minute intervals through present (2014) day (table 3, fig. 1 ). Data for the other five sites are reported at a daily time step, and only historical data are available for these sites.
In addition to the continuous USGS water-quality data, the UTDNR and USU have collected continuous instream temperature data. Continuous temperature data were collected by the UTDNR at 17 sites on the mainstem of the Virgin River for different periods of record at each site (appendix 4, table 4). Data collected from 2001 to 2005 were collected at 15-minute, 30-minute or 1-hour intervals, whereas data collected after 2005 were collected at 10-minute intervals. Continuous temperature data were collected by USU at 5-minute intervals at four sites on the mainstem of the Virgin River for multiple days during five distinct time periods (appendix 5, table 4). 
Native Fish Abundance
Native fish abundance data were acquired from the Virgin River fishes database and from data sets generated by the UTDNR. The Virgin River fishes database contains long-term monitoring data on native fish in the Virgin River and major tributaries, and is included as appendix 6. The database contains data collected in the mainstem of the Virgin River from 1976 to 2005. The database has built-in "forms" that allow the user to run queries for selected conditions. The "Report Form-Master" data form allows the user to select fish abundance data by site and date range. Using the "Station Name Lookup" pull-down menu, the user can select a site. Following site selection, the "ID Lookup" field will be populated with the Site ID. The Site ID indicates the water body and location, in upstream river miles. For example, the "Above LaVerkin Creek" site has a corresponding Site ID of "VR095.96", which indicates that the site is on the Virgin River 95.96 miles upstream from Lake Mead. Once the user has identified the site(s) from which they would like to acquire data, a spatial range using the "Downstream site" and "Upstream site" data fields can be defined. A temporal range also can be defined using the "Begin" and "End" Date/Hour/Min data fields. A variety of data output formats are available, including data by individual seining units, data combining seining units by date, and data combined by species, station, or station/date.
Fish density data from the Virgin River Gage (site ID: VR104.72) and Virgin River Above Quail Creek (site ID: VR089.18) sites are shown in figure 2 as examples of the types of data available in the database. These sites roughly correspond to the Virgin River at Virgin, UT (USGS STAID: 9406000) and the Virgin River Above Quail Creek Near Hurricane, UT (USGS STAID: 9408135) gaging stations respectively, which have been sampled for water quality by the USGS (tables 1, 2, and 3) .
The UTDNR has a number of ongoing fish monitoring efforts. Data sets from two of those efforts (full pass and population response stations) are included here. The full pass sampling is a more intensive sampling effort that occurs less regularly, as compared with the population response stations sampling, which is a less intensive sampling effort that occurs on a regular basis. The full pass data set contains information on native and non-native fish abundance in six reaches of the mainstem of the Virgin River from below Pah Tempe Springs to the Washington Fields Diversion (appendix 7). The full pass data set was generated by systematically seining all available habitats within each of the six reaches (see appendix 7 for reach definitions) two to three times per year from 2002 to 2012. Fish were enumerated into two age/size classes (young of year and adult), with the exception of fish sampled during the first two samplings of 2002. The methodology and results from each year of full pass sampling are detailed in yearly reports generated by the UTDNR (e.g. for 2004 sampling see Fridell and Morvilius, 2005 ; similar reports are available for all other sample years). The UTDNR population response stations data set contains information on native fish abundance in seven 1.5-mi reaches of the mainstem of the Virgin River (appendix 8). The Quail Creek station was split into two 0.75-mi reaches (Above Quail Creek and Below Quail Creek). Fifty seine hauls were conducted monthly from MarchOctober and twice in the winter months from 2003 to 2012 in each reach in proportion to available habitat in the reach. Fish were measured, separated into two size classes (young of year and adult) and enumerated. The methodology and results from each year of population response station sampling are detailed in yearly reports generated by the UTDNR (e.g. for 2005 sampling see Bennion and Fridell, 2006 ; similar reports are available for all other sample years). 
Possible applications of data and next steps
There are two requirements that need to be met to answer the overarching question, "How will various remediation scenarios to reduce the load of dissolved solids from Pah Tempe Springs into the Virgin River influence the abundance, distribution, and survival of native fish?" The first of these requirements is a foundational understanding of the relations between discharge, water quality, and fish abundance. The second is that adequate data are available to model the effects of abiotic drivers on native fish abundance, distribution, and survival. We discuss an approach by which the data compiled here could be used to directly address the first requirement, that is, developing a quantitative understanding of the relations between abiotic physical and chemical conditions, and native fish abundance and distribution in the Virgin River. Such an understanding will provide insight into the adequacy of available data for model development. Final determination of the adequacy of the data compiled here for the purpose of modeling the effects of abiotic drivers on native fish (the second requirement) is beyond the scope of this report, and will be dependent upon the constituents being modeled and the specific modeling approaches that are used.
Data sources required to meet the first requirement would include all of the discharge, water quality, and fish data compiled in this report. Measured discharge and water-quality conditions as well as statistics (i.e. average, standard deviation, minimum, maximum, concentration/discharge) could be assessed as drivers of change in fish community composition. A non-metric multidimensional (NMDS) ordination plot could be generated to identify spatial and temporal patterns in fish community composition. Subsequently, correlations between the fish community and all possible subsets of discharge and water-quality conditions/statistics could be assessed by using BIOENV (Clarke and Ainsworth, 1993) . The use of NMDS and BIOENV to quantify relations between aquatic biota and abiotic environmental conditions has been applied successfully in other southwestern streams and rivers (Miller and Brasher, 2011) . This proposed approach would identify drivers (i.e. discharge, temperature, dissolved solids, and dissolved oxygen) of change in fish abundance across space and time, and build upon analyses investigating changes in fish abundance in response to changes in discharge and temperature using some of the population response station fish data collected by UTDNR staff (Meribeth Huizinga, oral commun., 2013) . This approach would also identify potential data gaps that could inform future sampling/monitoring efforts to, in part, provide data needed for modeling abioticbiotic relations. Coupling abiotic-biotic relations identified in this way with future predictions of how water quality and discharge may change in response to various Pah Tempe Springs remediation scenarios would provide the foundational information needed to develop assessment methods and models capable of predicting the abundance, distribution, and survival of native fish in response to remediation efforts.
